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Abstract.
Background: Western diets are associated with obesity, vascular diseases, and metabolic syndrome and might increase dementia
risk in later life. If these associations are causal, those low- and middle-income countries experiencing major changes in diet
might also see an increasing prevalence of dementia.
Objective: To investigate the relationship of dietary supply and the prevalence of dementia in mainland China, Hong Kong, and
Taiwan over time using existing data and taking diagnostic criteria into account.
Methods: Estimated total energy supply and animal fat from the United Nations was linked to the 70 prevalence studies in
mainland China, Hong Kong, and Taiwan from 1980 to 2012 according to the current, 10 years, and 20 years before starting year
of investigation. Studies using newer and older diagnostic criteria were separated into two groups. Spearman’s rank correlation
was calculated to investigate whether trends in total energy, animal fat supply, and prevalence of dementia were monotonically
related.
Results: The supply of total energy and animal fat per capita per day in China increased considerably over the last 50 years.
The original positive relationship of dietary supply and dementia prevalence disappeared after stratifying by newer and older
diagnostic criteria and there was no clear time lag effect.
Conclusion: Taking diagnostic criteria into account, there is no cross-sectional or time lag relationship between the dietary
trends and changes in dementia prevalence. It may be too early to detect any such changes because current cohorts of older
people did not experience these dietary changes in their early to mid-life.
Keywords: China, ecological study, prevalence of dementia, nutrition
INTRODUCTION
Disease conditions found directly correlated with
risk of dementia and cognitive impairment include car-
diovascular disease [1, 2], type 2 diabetes mellitus
[3–5], metabolic syndromes [6], general obesity [5, 7],
and abdominal obesity [8]. Diet can play a major role
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and Primary Care, Institute of Public Health, Forvie Site, University
of Cambridge, School of Clinical Medicine, Cambridge Biomedical
Campus, Cambridge CB2 0SR, UK. Tel.: +44 1223 330321; E-mail:
ytw22@medschl.cam.ac.uk.
in the risk of these conditions and diseases. In partic-
ular, Western diet, high intake of red meat, saturated
fats, sugar, and carbohydrates could have a potential
impact on increasing the risk of cognitive impairment
and dementia in older age [9].
With economic and social development, people in
low and middle income countries have experienced
substantial changes in lifestyle and dietary habits. With
a rapidly increasing life expectancy across the globe,
the emerging burden of non-communicable diseases
and dementia has become an important issue. Popkin
has published several papers on the health effects of the
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nutrition transition from traditional diets to the Western
diet with some attention to China [10–12]. Studies done
in Northeast China, Southern China, and Shanghai doc-
umented the rising prevalence of general obesity and
central obesity over a ten year period [13–15]. Results
from a nationally representative cross-sectional sur-
vey in China showed that Western dietary patterns
were significantly associated with increased likelihood
of metabolic syndrome, obesity, and hypertension in
Chinese populations [16, 17].
Recent studies have reported associations between
diabetes, obesity, and dementia among the older peo-
ple in China [18, 19]. An association between meat
consumption and higher risk of dementia in low- and
middle-income countries has been reported [20]. A
potential increasing trend of dementia prevalence in
Japan has been associated with nutrition transition and
Western diet [21]. Changes in traditional dietary habits
could have a potential impact on the prevalence of
dementia in older populations of East Asian countries.
Some indicators of Western diet such as the increas-
ing intake of animal fat and total energy might be
associated with an increasing prevalence of demen-
tia over time. The impact of Western diet would be
expected to have a time lag effect on the prevalence
of dementia and thus the period of exposure could
vary across generations. Dietary change at younger
age could have cumulative influence throughout life-
course and increase the risk of dementia in older age
[22].
This study builds on the previous systematic review
of dementia prevalence in mainland China, Hong
Kong, and Taiwan [23]. The nutrition data from
the Food and Agriculture Organization (FAO) of the
United Nations was linked to the prevalence data to
explore the relationship of dietary supply and preva-
lence of dementia over time.
METHODS
Prevalence of dementia
A detailed literature search of prevalence studies in
mainland China, Hong Kong, and Taiwan was reported
in full elsewhere but it is briefly summarized here [23].
An electronic search was conducted in three English
(PubMed, ScienceDirect, and PsycInfo) and two Chi-
nese databases (Chinese National Knowledge Infras-
tructure and Airti Library) to identify the literature
related to “prevalence/epidemiology” and “demen-
tia/Alzheimer” in mainland China, Hong Kong, and
Taiwan (“China/Chinese/Taiwan/Taiwanese”) from
1980 to 2012. Both traditional and simplified charac-
ters were used to search the Chinese database. The
following inclusion criteria were used to select papers:
(1) cases were collected by field survey, not based on
hospital data, (2) the study involved population sam-
pling rather than recruited volunteer participants, (3)
the study reported prevalence in the people aged 50 and
over, and (4) dementia case was not decided only by
a screening test and the specific instruments and crite-
ria for case identification were reported. Studies were
excluded if they were: (1) duplicate, (2) irrelevant or
with other focuses (such as behavioral psychological
symptoms of dementia, dependency in older popula-
tions), (3) the results of follow-up waves, and (4) those
which focused on Chinese populations outside main-
land China, Hong Kong, and Taiwan.
Details of each study, such as methodological factors
(screening tools, diagnostic criteria, and instruments),
characteristics of the study population (sample size and
response rate, the whole study age range and location)
and results (overall prevalence of all type dementia
and stratified prevalence by age) were extracted sys-
tematically by two readers with double verification.
Disagreements between the two readers were recon-
ciled through discussion to arrive at a consensus.
If there was no clear information about year of inves-
tigation in the paper, publication year minus three
years was used as an approximation for the survey
date, since the median time between beginning year
of investigation and publication year was three years
in the rest of the studies. The prevalence of dementia
was standardized to the Chinese population in census
2011. Since diagnostic criteria can substantially influ-
ence prevalence estimates, the studies was divided into
two groups: older (DSM-III/-III-R, ICD, CCMD and
mixed) and newer (DSM-IV/-IV-R, 10/66 algorithm
and GMS-AGECAT) diagnostic criteria.
Nutrition data
Dietary supply data was obtained from the Food and
Agriculture Organization (FAO) of the United Nations
and used as a proxy of dietary supply [24]. Per capita
dietary supply data are available for many dietary com-
ponents from 1961 to 2009. The annual data of dietary
supply including total energy supply (kcal/capita/day)
and animal fat (g/capita/day) was linked to the 76
prevalence studies in mainland China, Hong Kong, and
Taiwan based on the starting year of investigation. To
consider the potential influence of dietary in earlier
years on dementia in later life, estimated total energy
supply and animal fat in the past 10 and 20 years of
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Fig. 1. The data linkage of nutrition and prevalence of dementia.
investigation were also connected to the prevalence of
dementia (Fig. 1).
Increasing prevalence of dementia is generally
associated with population aging and extended life
expectancy. Life expectancy also reflects overall health
status of populations, economic and social devel-
opment in different countries. Information on life
expectancy from 1949 (the end of China civil war)
to 2012 was obtained from the Gapminder, a database
which collects several indicators related to demograph-
ics, society, wealth and health of nations over time
(http://www.gapminder.org).
Analysis
The analysis first explored time trends in dietary sup-
ply data (1961∼2009) and life expectancy in China.
Dietary supply and life expectancy in Japan were also
included to compare the difference between develop-
ing and developed countries [21].
The estimates of dementia prevalence are strongly
influenced by diagnostic criteria. In this study, the
two groups of “newer” and “older” diagnostic crite-
ria were applied to this study [25, 26]. Newer criteria
included the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV), 10/66
diagnostic algorithm (10/66), and Geriatric Mental
State-Automated Geriatric Examination for Computer
Assisted Taxonomy (GMS-AGECAT). The studies
using newer criteria are more likely to report signif-
icantly higher prevalence than older criteria, such as
Diagnostic and Statistical Manual of Mental Disorders,
Third Edition (DSM-III), the International Classifica-
tion of Diseases 10th (ICD-10), Chinese Classification
of Mental Disorders (CCMD), and mixed diagnos-
tic criteria [23]. Although GMS-AGECAT is more
equivalent to DSM-III-R and is older than ICD-10,
it has been used as a newer diagnostic method in
mainland China [27]. The analysis was separated into
two groups: older criteria (DSM-III, -III-R, ICD-10,
CCMD, and mixed) and newer criteria (DSM-IV,
-IV-R, 10/66, and others). Spearman’s rank correlation
was calculated to investigate whether trends in total
energy, animal fat supply and prevalence of dementia
were monotonically related. Contemporary and time
lag relationships of dementia prevalence and nutrition
supply (current, 10 years, and 20 years) were inves-
tigated in this study. To further consider uncertainty
of the prevalence estimates, a sensitivity analysis was
conducted using meta-regression and taking diagnostic
criteria and study age range into account.
RESULTS
Trends in dietary supply, life expectancy, and the
prevalence of dementia
The total energy supply per capita per day in
China increased from below 1500 kcal in 1961 to over
3000 kcal in 2009 (Fig. 2A). The total food supply
in Japan remained 2500 kcal and above since 1961,
Fig. 2. A) Total energy supply (kcal/capita/day) from 1961 to 2009
by China and Japan. B) Animal fat (g/capita/day) from 1961 to 2009
by China and Japan. C) Life expectancy (years old) of China and
Japan from 1949 to 2012.
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while in China it was below 2000 kcal, the recom-
mended daily energy supply, before 1980s. The supply
of animal fat per capita per day in China remained
substantially lower than Japan in 1960s and 1970s and
increasing dramatically in the mid-1980s (Fig. 2B).
After 1995, the supply of animal fat in China exceeded
Japan, which had relatively stable supply over time.
Trends in life expectancy at birth in China and Japan
have been quite different (Fig. 2C). Life expectancy
in Japan has been over 60 years since the 1950s and
reached 83 in 2012. In China, life expectancy dropped
to around 30 years old in 1958 to 1960 during the Great
Famine and reached 70 years old by the mid-1990s.
Although some recent reviews report an increas-
ing trend in the prevalence of dementia in China,
our review did not find significant variation across
time periods after controlling for methodological fac-
tors [25, 28, 29]. Not taking study methodology into
account, the age-standardized estimates of dementia
prevalence in mainland China, Hong Kong, and Taiwan
increased from earlier to more recent years (Fig. 3),
but after stratifying by newer and older diagnostic cri-
teria, the prevalence of dementia fluctuated over time
without a clear trend.
The association between dietary supply and
prevalence of dementia over time
Fig. 3 shows the estimated supply of animal fat per
capita per day and the prevalence of dementia in the
same year. The supply of animal fat increased con-
siderably over time. On the other hand, the change in
dementia prevalence was small and there was a wide
range of prevalence estimates in the same time periods
(Fig. 4). It was unlikely to find a time lag effect since
the prevalence remained stable over time.
Fig. 3. Prevalence of dementia (%) over time by diagnostic criteria.
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Fig. 4. Nutrition and prevalence of dementia in same years (Square: animal fat; Circle: prevalence of dementia).
Table 1
The correlation between energy intake, animal fat and prevalence of dementia over time (Spearman correlation coefficient)
Nutrition Total energy intake (kcal/capita/day) Animal fat (g/capita/day)
Overall Stratified by diagnostic methods Overall Stratified by diagnostic methods
Older Newer Older Newer
Coefficient (p) Coefficient (p) Coefficient (p) Coefficient (p) Coefficient (p) Coefficient (p)
Current 0.37 (<0.01) 0.22 (0.15) 0.12 (0.57) 0.36 (<0.01) 0.20 (0.21) 0.11 (0.60)
Previous 10 years 0.35 (<0.01) 0.20 (0.20) 0.05 (0.83) 0.36 (<0.01) 0.19 (0.24) 0.14 (0.51)
Previous 20 years 0.37 (<0.01) 0.22 (0.19) 0.18 (0.38) 0.37 (<0.01) 0.21 (0.19) 0.21 (0.31)
There was a positive relationship between the sup-
ply of total energy, animal fat, and the prevalence of
dementia (Table 1). The prevalence of dementia and
dietary supply both increased over time. However, the
relationship did not survive when changes in diagnostic
criteria taken into account. There was no clear associ-
ation between the dietary and prevalence of dementia
over time. Similarly, the relationship of time lag dietary
supply (10 or 20 years before the starting year of inves-
tigation) and dementia prevalence became ambiguous
after stratifying by newer and older diagnostic criteria.
The results showed that there was no clear time lag
effect. The results of sensitivity analysis using meta-
regression were similar to Spearman’s rank coefficient
(Supplementary Table 1). The strength of association
reduced considerably after taking diagnostic criteria
and study age range into account.
DISCUSSION
Main ﬁndings
This is an ecological study which explored the
association between changes in dietary intake and
prevalence of dementia over time. The intake of total
energy and animal fat per capita per day increased con-
siderably over last 50 years in China. The positive
relationship between the intake of total energy, ani-
mal fat, and prevalence of dementia disappeared after
stratifying by newer and older diagnostic criteria.
Limitations
The FAO data provided overall estimates for the
quantity and energy of various types of food in different
time periods. The statistics of agriculture production,
stock, import/export, and wastes were used to estimate
average food supply for each person per day. The data
provides important information for problems of under
nutrition in the world and the opportunities of com-
paring the variation between different countries and
the change across time periods. However, it only pro-
vides approximate information of dietary intake. In
low and middle income countries where food supply is
more unstable, the dietary intake, food choices, and eat-
ing behaviors could be substantially different between
socioeconomic groups and geographical areas. As ani-
mal fats consumption was reported as a single variable
in the FAO data, we were not able to investigate the
effects of different fats. Review studies found that sat-
urated fatty acids correlated with increased risk of
dementia, while both monounsaturated fatty acids and
polyunsaturated fatty acids were inversely correlated
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with risk of dementia [30–32]. Despite the disad-
vantage of the FAO data, this study did not use the
government statistics from China. Data on agriculture
production and food supply were sensitive informa-
tion at the time for the Chinese government, who
promised to improve the living conditions of large pop-
ulations of farmers, laborers, and soldiers in the “new
Chinese society”. Providing sufficient food supply for
the considerable Chinese population was one of the
most important aims in several policies and campaigns,
such as the Great Leap Forward. Therefore, the gov-
ernmental statistics in early years were more likely to
report inflated numbers related to agriculture, food, and
nutrition.
Geographical variation of dementia prevalence
across mainland China, Hong Kong, and Taiwan was
reported in our previous study [23]. Eating habits in
China vary a great deal across different regions. Peo-
ple in urban areas with high economic development
are more likely to be exposed to Western diets while
those living in rural areas might retain a more tradi-
tional dietary pattern. However, limited sample size
restricts our ability to explore geographical variation
and rural/urban differences in the association between
dietary patterns and dementia prevalence. The char-
acteristics of study populations, such as education,
occupation, and living in urban/rural areas, might influ-
ence both eating habits throughout life and dementia
risk in later life. This ecological study cannot investi-
gate these aspects of heterogeneity as these data were
incomplete or incomparable across individual studies.
The difference between China and Japan
Compared to the previous study in Japan, the
potential relationship of nutrition transition and the
prevalence of dementia was ambiguous in mainland
China, Hong Kong and Taiwan and substantially
explained by methodological differences. Based on
the recommended daily energy intake (2000 kcal for
women, 2500 kcal for men), the average of food sup-
ply in China before 1980 was not enough for an adult
to live healthily, particularly for farmers, laborers, and
soldiers, who needed even higher energy intake than
others. Furthermore, the Great Famine between 1959
and 1961 caused serious food shortages and decreased
life expectancy to nearly 30 years old (Fig. 2C). Abso-
lute deprivation of food can lead to substantial deaths at
earlier ages. In these extreme conditions, considerable
inequality of food supply was likely to be an impor-
tant issue. People who were able to survive to older
age are more likely to have had stable and sufficient
food resource; otherwise they would have been more
likely to die due to under nutrition. Although there
are considerable changes in the overall population, it
might not reflect food intake of these people, who were
more likely to survive and participate in the prevalence
studies of dementia in later life. Without considering
fundamental differences in these two countries, change
in food supply might be over-estimated in the Chinese
populations as most people lived in such a deprived sit-
uation. Similar problems were found in the supply of
animal fat, which is considered to be related to a pat-
tern of Western diet consumption. There was nearly
no change in mainland China before 1980 and the dra-
matic increase in the1980s might only have impacted
a small group of people.
High-income countries in East Asia have faced
serious burdens of chronic diseases, such as dia-
betes, hypertension, and cardiovascular diseases, and
extended life expectancy. Although this study did
not find a time lag effect of dietary changes, the
trend of Western diet does increase the risk of non-
communicable diseases and may therefore increase the
prevalence of dementia in older age [10–12]. Although
we report the prevalence of dementia in China to
be stable over the last 20 years, it is expected that
the prevalence could increase substantially due to the
increasing burden of non-communicable diseases.
Other potential risk factors
With dramatic economic development and societal
changes, many Chinese populations have experienced
different living conditions and lifestyle over the last
decades. During the Great Leap Forward and the Cul-
tural Revolution in the 1960∼1970s, the education
system in China was intermitted and only recovered
in the late 1970s. With the dissolution of the people’s
commune, the health system was extensively reformed
in the 1980s and infant mortality gradually improved,
infectious diseases came under control, and life
expectancy lengthened. In the same period, economic
developments have had enormous impacts on many
lifestyle factors such as smoking, alcohol consump-
tion, and physical activity as well as dietary habits.
These factors are generally considered to be related
to obesity, vascular diseases, and metabolic syndrome.
The increasing prevalence of these non-communicable
diseases has been reported in recent studies [13–17].
Since industrialization is a policy priority of the
Chinese government, air pollution, particularly atmo-
spheric particulate matter loadings, are very high in the
urban areas of China [33]. Small particulate matter is
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also considered to be a risk factor for cardiovascular
disease and cognitive dysfunction [34–36].
These substantial societal changes mainly occurred
in the 1970∼1980s and might have a stronger impact
on lifestyle and living environments of the generations
born after the late 1960s throughout their younger and
middle age. Although several lifestyle factors includ-
ing Western diet are considered to be related to the
rising prevalence of non-communicable and the occur-
rence of dementia in later life, the cohorts which
have experienced such dramatic changes have not yet
reached older age. Most of the existing studies of
dementia prevalence were conducted in 1990s and
therefore unlikely to detect the potential influence of
those societal changes on dementia occurrence.
CONCLUSION
This study did not find the cross-sectional or time
lag relationships between changes in dietary supply
and the prevalence of dementia in mainland China,
Hong Kong, and Taiwan taking diagnostic criteria into
account. Considering the lack of food in earlier eras in
China, the later impact of increased Western diet might
not be influencing current older people. It may be too
early to detect any such changes because the current
cohorts of older people did not experience these major
lifestyle changes in their early to mid-life.
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